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Description ; • 

. ■ .. . . . .j. »■*->-_ -I 

Particles suspended in gases coming from indus- 
trial emissions or from the exhausts of internal combus- 
tion engines constitute one of the factors with the 
greatest impact on atmospheric contamination. More 
specifically, the very fine particles (smaller than 5 
micrometers) which are very difficult to eliminate with 
conventional separation technologies represent a major 
heath hazard because of their penetration and adhesion 
ability to respiratory tissue as well as for their general 
toxicity. At this time, efficient industrial emission control 
of particulate matter is only possible down to particle 
sizes in the order of some microns by means of electro- 
static filters. . : . : _ „. t • . ; 

Acoustic energy offers a new method for elimination 
of micrometer- and submicrometer-sized particles. The 
Spanish Patent 439.523 indicates how the application of 
a high intensity acoustic field with an appropriate fre- 
quency in an aerosol gives raise to an agglomeration 
processes of the particles, which form i the aerosol, 
increasing their size to facilitate in this way their later 
precipitation or separation in a conventional or gravity 
collector. The process takes advantage of the effects of 
vibration, hydrodynamic interaction, and entrapment 
which are produced between the particles by the action 
of the acoustic field. 

The invention object of the present patent refers to 
an acoustic chamber for treatment of gaseous effluents 
which contain solid or liquid particles in suspension. 
There are some precedents of equipment of this type. 
The Spanish Patent 459.523 presents a cylindrical 
chamber of which one end incorporates an acoustic 
emitter of racfiating-stepped-plate type and the other 
one a plane reflector paralleling the face side off the 
emitter. The aerosol to be treated is introduced tangen- 
tially and it carries out a helicoidal course which, even 
though favoring the particle agglomeration, introduces 
load losses and provokes turbulent flow. 
EP-A-488097 presents a new chamber type of polygo- 
nal cross section in which the aerosol enters axially 
while the acoustic emitter or emitters (whose type is not 
specified) are located at an oblique angle with respect 
to the chamber axis. This way, the acoustic radiation is 
repetitively reflected on the chamber walls until it falls, 
on the other end of the chamber, onto a p^ne reflector 
which is also located at an oblique position with respect 
to the axis. This oblique incidence, however, can favor 
the excitation of multiple modes which can produce 
energy dispersion between the principal axial mode and 
the different transversal modes. On the other hand, with 
the use of several acoustic sources of equal frequency 
within the same chamber section one risks to produce 
negative interferences by generating the acoustic field. 

Both inventions try to take advantage of the maxi- 
mum axial length of the chamber and of the application 
of a single operating frequency. Cooling devices for the 
acoustic emitters, which permit the operation with gases 
at high temperatures, are proposed in hone of these 
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systems. ^ 

DE-A-23 04 597 discloses an arrangement for 
agglomeration of particles in gaseous effluents by 
means of acoustic waves. The arrangement comprises 

5 a chamber which includes to opposite walls with mutu- 
ally parallel surfaces; on one of said walls, an acoustic 
emitter is situated, which emits acoustic radiation in a 
direction perpendicular to said wall. The radiation is 
reflected against the opposite wall, giving rise to a 

10 standing wave. 

The object of the present invention as claimed is a 
new chamber type with polygonal, preferably rectangu- 
lar cross section based on the application of high acous- 
tic energy levels by means of radiating-stepped-plate 

15 type generators (cf. EP-A-450030) which treat an aero- 
sol flow, throughout its passing-by, indirection perpen- 
dicular to the propagation (Figure 1). In this manner, the 
gases to be treated will flow in a straight line along the 
chamber axis, indicated by Arrow 1, while the emitters 

20 (2), which are of different frequencies, will be distributed 
on the side walls to create intensive stationary fields 
which will cover the treatment chamber from end to end 
in aH its different sections without leaving extensive 
zones at low acoustic levels. The chamber walls oppos- 
es ing the emitters will function as reflectors. The trans- 
ducer support implements an adjustment device (3) 
which permits the variation of the radiator-reflector dis- 
tance to achieve an optimum stationary field. By letting 
every acoustic emitter act on the width of the chamber 

30 (instead of on the length, as done in the former men- 
tioned inventions) one will need to cover smaller dis- 
tances and so one will be able to achieve a higher 
intensity as well as a better homogeneity of the acoustic 
field, since generally one will work in the nearf ield of the 

35 emission where the beam maintains practically parallel. 
The application of different frequencies along the 
flow path is very important since, because of the exist- 
ence of an optimum agglomeration frequency for each 
particle size, the change of the size distribution through 

40 the process itself requires a change of the treatment fre- 
quency. 

In Figure 1 , where following the present invention a 
scheme of the acoustic chamber for aerosol treatment 
is presented, it is also proposed to include a cooling 

45 system for the transducers for their use in treatment of 
high temperature gases. This system is based on the 
introduction of a cold or ambient temperature air flow (at 
the level of the radiating plate) which acts as a gaseous 
curtain separating the acoustic emitter and the high 

so temperature aerosol. This way, a temperature gradient 
is produced which not only serves to thermally protect 
the emitter but also, in addition, to produce a gradual 
effect of impedance adaptation between the radiator 
and the medium. Such a system might be required for 

55 those industrial applications in which the gaseous efflu- 
ents proceeding combustion processes are emitted at 
temperatures in the order of 150°C or even higher. 

As said before, the acoustic emitters to be used in 
the proposed chamber are of type "plate radiator with 
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stepped profile." In the arrangement shown in Figure 1, 
the emission from the plate's backside is not taken 
advantage of for the agglomeration process, except in 
the case rf the mentioned plate is completely introduced 
in the interior of the treatment chamber. An arrange- 
ment with which the mentioned backside radiation could 
be realized is presented in Figure 2. The transducer (2) 
is located with its axis parallel to that of the chamber in 
a way that the radiating plate is situated in between of 
two reflector plates (5), which form an angle such that 
the forward as well as the backward radiation can be 
reflected and normally directed into the gas stream 
which is flowing along the treatment chamber (Figure 
3). Like this, one obtains an efficient use of the total 
radiated energy of the emitter. It is to say, however, that 
this arrangement implies major difficulties on the adjust- 
ment and realization of an optimum stationary wave. 

As ah example, we can show that with 1 50 W power 
a 20 kHz transducer, located with its axis parallel to that 
of the chamber in between of two plane reflectors which 
form a 90° angle and are positioned at a 45° angle with 
respect to the radiating plate, achieves, in a chamber 
with a cross section of 140 x 60 cm, acoustic pressure 
levels higher than the 150 dB which are necessary for 
rapid generation of the acoustic agglomeration phe- 
nomenon. Without taking advantage of the backside 
radiation by means of reflectors, the mentioned pres- 
sure levels are reached with applied powers in the order 
of 200 W. 

In a rectangular chamber with a cross section of 0.5 
x 0.5 m and a length of about 2 m it is possible to treat 
aerosol flows of from 1000 to 2000 m 3 /h by applying 
four radiating plate transducers with diameters of 48 cm 
and radiated acoustic powers in the order of 300 W/unit. 
The transducers are located as groups along one of the 
chamber walls or alternatingly as shown in Figure 1. If 
the backside radiation is not taking advantage of by 
abstaining from using angled reflectors with the radia- 
tors, the effective acoustic potential is approximately 
one half of the radiated one. that is to say in the order of 
150 W/unit. This means that the total power applied to 
the aerosol on its run throughout the treatment chamber 
is about 600 W. The intensity levels achieved in the inte- 
rior of the chamber are higher than 1 60 dB. This way, 
one achieves, with frequencies of 20 kHz for aerosols 
with initial particles from 0,2 to 2 micrometers and con- 
centrations from 0,1 to 4 g/m 3 , enlargement of an order 
of magnitude. That is to say, the mean size grows from 
one to ten micrometers. This increase "is decisive for the 
subsequent application of an electrostatic f 3ter to the 
aerosol flow, since these filters are generally efficient 
from 5 micrometers on. 

Claims 

1 . Murtrf requency acoustic chamber for agglomeration 
and separation of particles suspended in gaseous 
effluents, 



the chamber having a polygonal cross section 
and each wall facing an opposite wall parallel 
therewith, such that acoustic . radiation emitted 
orthogonally in a direction from one wall will fall 

5 orthogonolly on a surface of an opposite wall 

and be reflected by said opposite wall, giving 
rise to the generation of a stationary acoustic 
field; .* 
said chamber having an input end and an out- 

io put end, the wails of the chamber defining a 

flow path in a longitudinal direction from said 
input end to said output end; 
the chamber including a plurality of acoustic 
emitters (2), said emitters being disposed at 

is said walls at positions along said flow path, 

each of said acoustic emitters (2) being 
arranged to emit rao5ation of high intensity at a 
determined frequency in an orthogonal direc- 
tion with respect to the wall at which said 

20 acoustic emitter (2) is placed; 

- said acoustic emitters being disposed to emit 
directly from a front side of a radiator plate into 
said flow path;* 
characterized in that 

25 - said acoustic emitters (2) are of the radiating- 
stepped-plate type; and in that 
the acoustic emitters (2) are arranged such that 
radiation of different frequencies is emitted at 
different longitudinal positions along said flow 

30 path, in order to provide an adequate frecuency 

distrtoution in view of the particle size distribu- 
tion along said longitudinal flow path. 

2. Muftifrequency acoustic chamber for agglomeration 
35 and separation of particles suspended in gaseous 
effluents, 

the chamber having a polygonal cross section 
and each wall facing an opposite wall parallel 

4o therewith, such that acoustic radiation emitted 

orthogonally in a direction from one wall will fall 
orthogonolly on a surface of an opposite wall 
and be reflected by said opposite wall, giving 
rise to the generation of a stationary acoustic 

45 field; 

said chamber having an input end and an out- 
put end. the walls of the chamber defining a 
flow path in a longitudinal direction from said 
input end to said output end; 

so - the chamber including a plurality of acoustic 
emitters (2). said emitters being disposed at 
said walls at positions along said flow path, 
each of said acoustic emitters (2) being 
arranged to emit racfiation of high intensity at a 

55 determined frequency in an orthogonal direc- 

tion with respect to the wall at which said 
acoustic emitter (2) is placed; 
characterized in that 

said acoustic emitters (2) are of the radiating- 
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stepped-plate type; and in that 
- the acoustic emitters (2) are disposed to emit 
. . . ' i \ into the flowpath by means of two plane reflec- 
tors (5) located on opposite sides of a radiator 
ptate of the acoustic emitter (2) to form an 5 
angle with said radiator plate in such a way that 
. radiation from a -front side and a back side of 
said radiator plate is reflected by said plane 
reflectors and directed Jnto said flow path in an 
.j orthogonal direction wrth respect to the waH at 10 
which the acoustic emitter (2) 
that 

-, the acoustic emitters (2) are arranged such that 
radiation of different frequencies, is emitted at 
different longitudinal positions along said flow 15 
path, in order to provide an adequate frecuency 
distribution in view of the particle size distribu- 
tion along said longitudinal flow path. 

3. A multifrequency acoustic chamber according to 20 
claim 1, wherein the acoustic emitters (2) are pro- 
vided with a cooling system including means for 
providing a laminar flow of cool air which serves as 

a curtain separating the acoustic emrtter from hot 
gaseous effluents passing along the flow path. 25 

4. A multifrequency acoustic chamber according to 
any of the preceding claims, wherein the acoustic 
emitters (2) are placed along the chamber walls as 
contiguous units or groups. 30 

5. A multifrequency acoustic unit according to any of 
claims 1-3. wherein the acoustic emitters (2) are 
placed on alternating walls. . 

35 

6. A multifrequency acoustic chamber according to 
any of the preceding claims, wherein the chamber 
is provided with adjustment systems (3) tor adjust- 
ing the position of said radiator plates with respect 

to reflecting surfaces. \., 40 

7. A multifrequency acoustic chamber according to 
any of the preceding claims, wherein said polygonal 
transverse cross section is a rectangular transverse 
cross section. 45 

PatentansprOche 

1. Akustische Mehrfrequenz-Kammer zum Ansam- 
mein und Abscheiden von Teilchen, die in Abgasen so 
suspendiert sind. wobei die Kammer einen polygo- 
nalen Querschnitt aufweist und jede Wand zu einer 
gegenuberstehenden Wand parallel zu dieser 
weist. so daB akustische Strahlung. die orthogonal 
in einer Richtung von einer Wand ausgesandt wird, 55 
orthogonal air? eine Oberfiache einer gegenuber- 
stehenden Wand fallt und von der genannten 
gegenuberstehenden Wand reflektiert wind, was 
AnlaB zu der Erzeugung eines stationaren, akusti- 



schen Feldes gibt; 

die genarmte Kammer hat ein Eingangsende 
und ein Ausgangsende. wobei die Kammer- 
\u wande einen StrGmungsweg in einer Langs- 
< richtung von dem genannten BnlaBende* zu 
dem genannten AuslaBende begrenzen; 

die Kammer schlieBt eine Mehrzahl von SchaB- 
gebem (2) ein, wobei die genannten Geber an 
den genannten Wanden an Posrtionen enttang 
dem genannten Stromungsweg angeordnet 
sindi jeder der genannten Schallgeber (2) aus^ 
gestaltet ist, Strahlung hoher Intensitat bei 
einer besUmmten Frequenz in einer orthogona- 
len Richtung in bezug auf die Wand auszusen- 
den, an der der genannte Schallgeber (2) 
angeordnet ist; 

die genannten Schallgeber angeordnet sind. > 
: unmrttelbar von einer Vorderseite einer Strah- 
lerplatte in den genannten Strdmungsweg aus- 
z us end en; 

dadurch gekennzeichnet. daB 

die genannten Schallgeber (2) vom abstrahlen- 
den. abgestuften Plattentyp sind; und daB 

die Schallgeber (2) so angeordnet sind. daB 
Strahlung unterschiedlicher Frequenzen an 
unterschiedlichen Langsposrtionen enttang 
dem genannten StrOmungsweg ausgesendet 
werden. um eine angemessene Frequenzver- 
teflung im Hinblick auf die TeilchengrdBenver- 
teflung entlang ; dem genannten langlichen 
Stromungsweg bereitzustellen. 

2. Akustische Mehrfrequenz-Kammer zum Ansam- 
meln und Abscheiden von Teilchen. die in Abgasen 
suspendiert sind, wobei die Kammer einen potygo 
nalen Querschnitt aufweist und jede Wand zu einer 
gegenuberstehenden Wand parallel zu dieser 
weist, so daB akustische Strahlung, die orthogonal 
in einer Richtung von einer Wand ausgesandt wird. 
orthogonal auf eine Oberfiache einer gegenuber- 
stehenden Wand fallt und von der genannten 
gegenuberstehenden Wand reflektiert wird, was 
AnlaB zu der Erzeugung eines stationaren, akusti- 
schen Feldes gibt; 

die genannte Kammer hat ein Eingangsende 
und ein Ausgangsende, wobei die Kammer- 
wande einen Strdmungsweg in einer Langs- 
richtung von dem genannten EinlaBende zu 
dem genannten AuslaBende begrenzen; 

die Kammer schlieBt eine Mehrzahl von Schalt- 
gebern (2) ein, woba die genannten Geber an 
den genannten Wanden an Positionen enttang 
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dem genanrrten StrOmungsweg angeordnet 
sind, jeder der genanrrten Schallgeber (2) aus- 
gestaftet ist Strahlung hoher Intensitat bei 
einer bestimmten Frequenz in einer orthogona- 

• len Richtung in bezug auf die Wand auszusen- 5 
den.-- an der der genannte Schallgeber (2) 

. angeordnet ist; n 
dadurch gekennzeichnet, daB 

die genanrrten Schallgeber (2) vom abstrahlen- w 
den, abgestuften Plattentyp sind; und daB 



die Schallgeber :(2) angeordnet > sind; in den 
StrOmungsweg mittels zweier ebener Reflekto- 
ren (5) auszusenden, die an gegenuberstehen- 
den Seiten einer Strahlerplatte des 
Schallgebers (2) angeordnet sind, um einen 
Winke! mrt der genanrrten Strahlerplatte derart 
zu bilden, daB Strahlung von einer Vbrderserte 
und einer Ruckserte der genanrrten Strahler- 
platte von den genanrrten Ebenen Reflektoren 
reflektiert und in den genanrrten StrOmungs- 
weg in einer orthogonaien Richtung in bezug 
auf die Wand gelenkt wird. an der der Schallge- 
ber (2) angeordnet ist; und daB die Schallgeber 
(2) so angeordnet sind, daB die Strahlung 
unterschiedlicher Frequenzen an unterschiedli- 
chen Langspositionen errtlang dem genanrrten 
StrOmungsweg ausgesandt wird. um eine 
angemessene Frequenzverteiiung im Hinblick 
auf die TeflchengrdBenverteilung errtlang demn 
genanrrten langlichen StrOmungsweg bereftzu- 
steJIen 



Eine akustische Mehrfrequenz-Kammer gemaB 
Anspruch 1, worin die Schallgeber (2) mrt einem 
Kuhlsystem versehen sind, das eine Einrichtung 
einschlieBt um eine laminare StrOmung kalter Luft 
berertzustellen, die als ein Vorhang dient, der den 
Schallgeber von heiBen Abgasen trenrrt, die errt- 
lang dems StrOmungsweg vorbeigehen. 
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4. Eine akustische Mehrfrequenz-Kammer gemaB 
irgendeinem der vorhergehenden Anspruche, 
worin die Schallgeber (2) errtlang den Kammerwan- 45 
den als aneinander angrenzende Einherten oder 
Gruppen angeordnet sind. 

5. Eine akustische Mehrfrequenz-Kammer gemaB 
irgendeinem der vorhergehenden Anspruche 1-3, so 
worin die Schallgeber (2) an abwechselnden Wan- 
den angeordnet sind. 

6. Eine akustische Mehrfrequenz-Kammer gemaB 
irgendeinem der vorhergehenden Anspruche, 55 
worin die Kammer mit Einstellsystemen (3) zum 
Einstellen der Position der genanrrten Strahler plat- 
ten in bezug auf die reflektierenden Oberflachen 
versehen Ist 



7. Eine akustische Mehrfrequenz- Kammer gemaB 
irgendeinem der vorhergehenden Anspruche, 
worin der genannte polygonale Querechriitt ein 
rechteckiger Querschnitt ist 

Revendications v 

1. Chambre acoustique multrfrequences destinee a 
['agglomeration et a la separation de particules en 
suspension dans des effluents gazeux. 

la chambre ayant une section polygonale, cha- 
que paroi tour nee vers une parol opposee 
etant parallel a celle-d, si bien que le rayon- 
nement acoustique 6mis perpendiculairement 
a partir d'une paroi tombe perpendiculairement 
sur une surface d'une 'paroi opposee et est 
reflechi par cette paroi opposee et provoque 
ainsi la creation d'un champ acoustique sta- 
tionnaire, 

la chambre ayant une extremity d'entree et une 
extremrte de sortie, les parots de la chambre 
delimrtant un trajet de circulation dans une 
direction longitudinale de Textremite d'entr6e a 
Pextremite de sortie, 
- la chambre comprenant plusieurs emetteurs 
acoustiques (2) , les emetteurs etant disposes 
sur les parois a des positions qui se trouverrt le 
long du trajet d'ecoulement chacun des 6met- 
teurs acoustiques (2) etant destine a emettre 
un rayonnement de grande intensity a une fre- 
quence d6terminee dans une direction perpen- 
diculaire a la paroi sur laquelle est place 
remetteur acoustique (2) , 
les emetteurs acoustiques etant disposes afm 
qulls emettent directement par une face avarrt 
d'une plaque fbrmarrt radiateur dans le trajet 
d'ecoulement 

caracterise en ce que : 
les emetteurs acoustiques (2) sont du type a 
plaque de rayonnement a gradins, et en ce que 

les emetteurs acoustiques (2) sont disposes 
afin que ie rayonnement a des frequences drf- 
feVentes soit emis a des positions longrtudina- 
les cfifferentes le long du trajet d'ecoulement, 
afin quVine distribution conv enable des fre- 
quences en fonction de la cfistribution granulo- 
metrique sat formee le long du trajet 
longitudinal d'ecoulement 

2. Chambre acoustique muttrfrequences destinee a 
lagglomeration eta la separation de particules en 
suspension dans des effluents gazeux. 

la chambre ayant une section polygonale et 
chaque paroi tourn6e vers une paroi opposed 
etant parallele a celle-ci, si bien qu'un rayonne- 
ment acoustique emis perpendiculairement a 
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partir d'une paroi tombe peipendicdairement . 
sur une surface rfune paroi opposee. et est 
reflect* par la paroi opposee, en proyoquantla 
creation d'un champ acoustique stationnaire, 

- la chambre ayant une extremrte d'entree et une s 
extremite de sortie, les parois de la chambr e 
delimrtant un trajet d'ecoulemerrt dans une 
direction tongitudinale de Textremite d'errtr6e 
vers I'extremite de sortie, 

- la chambre conr^xenant .plusieurs emetteurs 10 
acoustiques (2), les emetteurs etant places aux 
parois & des positions le long du trajet d'<ecou- 
lement, chacun des emetteurs acoustiques (2) 

v etanti destine , k 6mettre un rayonnement 
dlntensite elevee k une frequence delerminee is 
en direction perpendiculaire k la paroi sur 
laquelle est place Temetteur acoustique (2), 
. . , * . i i caracteYise en ce que : 

- les emetteurs acoustiques (2) sont du type k 
plaque de rayonnement a gradins, et en ce que 20 . 

- les emetteurs acoustiques (2) sent disposes 
afin qu'ils emettent dans le trajet d'ecoulement 
^ Taidede deux rellecteurs plans (5) places sur 

les cdtes opposes d'une plaque de rayome- 25 
ment de Temetteur acoustique (2) pour la for- 
mation, avec la plaque de radiateur, d'un angle 
tel que le rayonnement dVne face avant et 
d'une face arriere de la plaque formant radia- 
teur est ref lechi par les ref lecteurs plans et so 
dirige dans le trajet d'ecoulemerrt en direction 
perpendiculaire & la paroi sur laquelle est place 
I'emetteur acoustique (2), et en ce que 
les emetteurs acoustiques (2) sont disposes de 
maniere -que le rayonnement aux differentes 35 
frequences sort emis k des positions longitudi- 
nales differentes le long du trajet d'ecoulemerrt 
at in qu'une distribution convenable de frequen- 
ces sort formee d'une maniere conespondant k 
la distribution granulometrique le long du trajet 40 
longitudinal decoulement. 



parois qui alternerrt r.-- 

6. Chambre acoustique multifrequences selon rune 
quelconque des revendications precederrtes. dans 
laquelle la chambre possede des systemes d'ajus- 
terr^ (3) destines ^ ajuster la position f des pla- 
ques de radiateur par rapporjp atix surfaces 
reilechissantes.' K.&w&^-c?^: 

7. Chambre acoustique multrfrequences selon Tune 
quelconque des revendications precederrtes, dans 
laquelle la section transversale polygonale est une 
section transversale rectangulaire. 




3. Chambre acoustique multifrequences selon la 
revendication 1 , dans laquelle les emetteurs acous- 
tiques (2) ont un systeme de refroidissement com- 45 
prenant un dispositif formant un ecoulement 
laminaire d'air froid jouant le rdle d'un rideau sepa- 
rant Pemetteur acoustique des effluents gazeux 
chauds passant le long du trajet d'ecoulemerrt. 

so 

4. Chambre acoustique multifrequences selon Tune 
quelconque des revendications' precederrtes, dans 
laquelle. les emetteurs acoustiques (2) sont places 
le long des parois de la chambre sous forme d'uni- 

tes ou groupes contigus. 55 

5. Unite acoustique multifrequences selon Tune quel- 
conque des revendications 1 k 3, dans laquelle les 
emetteurs acoustiques (2) sont places sur des 
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